As interest in the signaling pathways impacting nuclear protein function increases, more investigators are examining transcription factor phosphorylation. Most phosphorylation events within proteins can be mapped using a variety of 1-D or 2-D phosphopeptide mapping approaches (2) (3) (4) 6, 8) . However, these conventional approaches may not be optimal for examining phosphorylation events that occur within the DNA binding domains of transcription factors. Since DNA binding domains typically contain a high proportion of basic residues and most electrophoretic phosphopeptide mapping techniques separate molecules based on size and net negative charge, peptides containing a basic DNA binding domain usually migrate through conventional gels very poorly, if at all. An alternative method for examining the phosphorylation state of basic DNA binding domains would be significant, since post-translational modification of these domains has the potential of altering the interaction of transcription factors with target DNA and contributing to the regulation of the function of these proteins in vivo (5, 7, 9 ).
Here we describe reverse-polarity PAGE, a phosphopeptide mapping approach designed for examining phosphorylation events within the basic DNA binding domains of transcription factors. The principle of this technique is to perform PAGE with the anode and cathode leads reversed, thus allowing only peptides with a net positive charge to migrate through the gel. This approach addresses problems inherent to the detection of highly basic peptides with conventional PAGE by focusing on the resolution of positively charged peptides, rather than all peptides, from a protein digest. Since relatively few phosphopeptides from a typical protein digest are likely to have a net positive charge, the number of peptides detected by reverse-polarity PAGE is small and data interpretation is simplified.
Vertical slab gels (0.75 × 18 × 16 cm) for the Hoefer SE 600 electrophoresis apparatus are used for reverse-polarity PAGE. The resolving gel (19% acrylamide, 0.018% bis-acrylamide, 0.1% ammonium persulfate, and 10 µL TEMED) is prepared in 100 mM sodium phosphate buffer, pH 6.0, cast leaving approximately two inches of space for the stacking gel and overlaid with butanol until polymerization occurs. The butanol is removed with several washes of deionized water and 10 mL stacking gel (3% acrylamide, 0.125% bis-acylamide, 0.075% ammonium persulfate, and 10 µL TEMED) in 100 mM sodium phosphate buffer, pH 7.0, is added, followed by insertion of a 15-well comb. The electrophoresis apparatus is assembled, and 100 mM sodium phosphate buffer, pH 6.0, is used in the upper and lower chambers as running buffer. Samples are prepared by combining equal volumes of sample and loading buffer (1 M acetic acid, 6 M urea, 5% sucrose, and cytochrome C for color), and the current is applied to the loaded gels after reversing the anode and cathode leads. To prevent damage to the electrophoresis apparatus, it is important to ascertain whether the anode and cathode materials are compatible with reverse-polarity PAGE; platinum wire electrodes were used for all reverse-polarity PAGE experiments described. Samples are subjected to electrophoresis at 20 mA for the first 3 h. Once the positively charged peptides have moved into the resolving portion of the gel, the current can be increased to 40 mA without compromising peptide resolution. To reduce the effects of heat generated during electrophoresis, it is helpful to limit the voltage and/or current to 200 V and 40 mA, respectively, and to run the gels at 4°C. We also recommend that the buffer in the upper and lower reservoirs be changed every 6-8 h. The typical run time for the reversepolarity PAGE performed in this report was approximately 18 h. However, the run time will vary with the properties of individual peptides and must be established empirically.
To (1, 7) . These peptides have similar molecular weights but different net charges at pH 6.0 ( Figure 1A ). Approximately 5 µg each unmodified peptide were resolved by reverse-polarity PAGE using the aforementioned methodology. The cytochrome C contained in the loading buffer remained visible throughout the run because of its positive charge and red pigmentation ( Figure 1B) . The unmodified peptides, once resolved, were detected by staining the gels with Coomassie Brilliant Blue ® ( Figure 1C) . Even though the v-Jun and BATF peptides have similar molecular weights, they exhibit discrete mobilities by reverse-polarity PAGE due to a difference in net charge. The ability of reverse-polarity PAGE to separate peptides of similar molecular weight based on net charge is particularly useful when examining peptides with multiple phosphorylation events. To illustrate this point, the v-Jun and BATF peptides (1 µg each) were radiolabeled using [γ-32 P]ATP, purified protein kinase C-α (PanVera, Madison, WI, USA), and reaction conditions as described (7) . Approximately 20 ng each peptide were resolved and visualized after exposing the dried gel to X-ray film ( Figure 1D) . The difference in mobility between the two peptides is similar to what was observed by Coomassie Brilliant Blue staining (Figure 1C) . However, the v-Jun peptide resolves as two radiolabeled bands corresponding to singly and doubly phosphorylated forms. In contrast, the BATF peptide contains only one residue subject to phosphorylation and is visualized as a single radiolabeled band.
To demonstrate the utility of reversepolarity PAGE for mapping in vivo phosphorylation events occurring within a basic DNA binding domain of a transcription factor, we examined the phosphorylation state of the BATF protein in mouse EL-4 thymoma cells. Briefly, 0.5 × 10 6 EL-4 cells were electroporated using a Bio-Rad Gene Pulser ® II (310 mV, 950 µF; Bio-Rad Laboratories, Hercules, CA, USA) and 5 µg control vector (pCS2+MT) or vector expressing Mycepitope tagged BATF (pCS2+MT-BATF). After a 5-h recovery, the cells were washed and resuspended in phosphate-free RPMI medium for 1 h, after which time 2 mCi radiolabeled inorgan- (3), and visualized by autoradiography ( Figure  2A ). The filter strip containing phosphorylated BATF protein was incubated for 30 min at 37°C in 0.5% polyvinylpyrolidone-360 (Sigma) and 100 mM acetic acid, washed with water, and transferred to 300 µL of 50 mM NH 4 HCO 3 for protease digestion. For RP-PAGE to yield meaningful information about specific regions of a protein (in this case, the DNA binding domain), it is important to select an appropriate method for protein fragmentation. Cleavage within the DNA binding domain should be avoided, since this may reduce the net positive charge of the peptide of interest. Thus, proteases that target basic residues, including trypsin, Arg-C, or Lys-C, are less desirable than proteases that target acidic residues (e.g., Asp-N or Glut-C). Consideration of other enzymes, or chemical cleavage, may be necessary, depending on the sequence of the protein and the basic DNA binding domain being studied. For the analysis of BATF DNA binding domain phosphorylation, we chose endoproteinase Asp-N (Sigma), since the BATF DNA binding domain is the only positively charged peptide predicted to be generated following cleavage ( Figure 2B ). Phosphorylated BATF was incubated with Asp-N for a total of 5 h at 37°C, adding 3 ng/µL of the enzyme at the start of the incubation and another 3 ng/µL at the 3-h timepoint to maximize digestion. After removal of the filter, water was added, and the ammonium salt was eliminated from the peptide solution by repeated lyophilization. The dried sample was resuspended in loading buffer and resolved using 40% alkaline PAGE (forward polarity) or reverse-polarity PAGE ( Figure 2C ).
Resolution by forward-polarity PAGE reveals the existence of numerous phosphopeptides with net negative charges, while reverse-polarity PAGE resolves only one phosphopeptide representing the positively charged, basic DNA binding domain of BATF. While experiments in this study have demonstrated the utility of reverse-polarity PAGE for the analysis of the v-Jun and BATF DNA binding domains, the technique should be useful for similar analyses on a broad spectrum of transcription factors. Table 1 provides examples of transcription factors possessing basic DNA binding domains that contain at least one potential site for phosphorylation and that can be liberated from their parent proteins as one of a few (≤3) positively charged peptides produced by Asp-N or Glut-C cleavage. The ability to separate these DNA binding domains-containing peptides from the remaining negatively charged peptides by reverse-polarity PAGE will greatly simplify experimental approaches to examine DNA binding domain phosphorylation and the potential role of DNA binding domain phosphorylation in modulating transcription factor function in response to specific cellular signaling events. 
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